ABSTRACT TsuJi, KIYOSHI (The Upjohn Co., Kalamazoo, Mich.). Liquid nitrogen preservation of Saccharomyces carlsbergensis and its use in a rapid biological assay of pantothenic acid. Appl. Microbiol. 14:462-465. 1966 The standard assay procedure for the determination of pantothenic acid uses Lactobacillus arabinosus as the test organism. However, Escherichia coli (7), Proteus morganii (4), and several yeasts, including Saccharomyces carlsbergensis (1, 5), have also been used for the bioassay of this vitamin. Ceriia (2) used S. carlsbergensis in an attempt to standardize the assay of pantothenic acid in biological materials.
The standard assay procedure for the determination of pantothenic acid uses Lactobacillus arabinosus as the test organism. However, Escherichia coli (7), Proteus morganii (4), and several yeasts, including Saccharomyces carlsbergensis (1, 5) , have also been used for the bioassay of this vitamin. Ceriia (2) used S. carlsbergensis in an attempt to standardize the assay of pantothenic acid in biological materials.
Because S. carlsbergensis has the advantage of a rapid growth rate and a large cell mass, and because it was used successfully to convert the pyridoxine bioassay to a 6-hr incubation assay (8) , it was thought that this yeast might also be used effectively for the rapid direct turbidimetric determination of pantothenic acid. To minimize assay variation, the test organism, the calcium pantothenate reference standard solution, and the assay medium were frozen and stored in a liquid nitrogen freezer.
MATERIALS AND METHODS
The standard assay procedure used was that described in the U.S. Pharmacopoeia (17th ed.). The rapid assay was conducted as described below. Tsuji (8) . The pyridoxine bioassay medium with the addition of 0.05 ,ug of pyridoxine-hydrochloride per ml was used as a growth medium. Cells were harvested, resuspended in 10% glycerol, and pipetted into 1.2-ml cryogenic ampoules (T. C. Wheaton Co., Millville, N.J.). The ampoules were then flame-sealed, coated with a mist of glycerol and talc, and quickly frozen by immersion in liquid nitrogen at -196C (-321 F). The ampoules were stored in liquid nitrogen until used. Ampoules were thawed by vigorously shaking in a water bath at 40 C before use.
Panthothenic acid assay medium. The composition of the basal medium used is shown in Table 1 .
Preparation of stock standard solution of panthothenic acid. The standard pantothenate solution containing 0.100 ,ug of USP calcium pantothenate reference standard per ml was poured into 50-ml vials which were then capped with rubber vial stoppers (stock no. S96, West Co., Phoenixville, Pa.). These vials were frozen in the gas phase of a liquid nitrogen storage tank and stored there until used.
Pantothenic acid assay procedure. Assay inoculum, basal assay medium, and standard calcium pantothenate solution (0.100 jAg of reference calcium pantothenate per ml) were stored in a liquid nitrogen freezer. The basal medium was thawed by placing it in a refrigerator overnight. The standard was thawed by immersion in a water bath at 35 C with frequent shaking. The basal medium was then transferred into a 2-liter flask and brought to temperature in a water bath at 35 C. pipetted into the basal medium at 35 C so as to have approximately 8 .0 X 105 viable cells per milliliter of basal medium. The inoculated basal medium was then put on a shaker in a room at 35 C, and the 1.5-hr period of growth-phase conditioning began (8) .
While the inoculum was being phase-conditioned, the assay was prepared in duplicate by pipetting the standard calcium pantothenate solution (0.10 ,ug/ml) in graded amounts into tubes (22 by 175 mm), so as to have 0.5, 1.0, 1.5, 2.0, 2.5, 3.0, 3.5, and 4.0 ml per tube. Also, samples containing the equivalent of 0.10 ,g/ml of pantothenate were pipetted in graded amounts into tubes so as to have 1.0, 1.5, and 2.0 ml per tube. Distilled water was added to bring the volume to 5 ml per tube. The tubes were steamed for 20 min to pasteurize, and then were cooled rapidly to room temperature by immersion in a cold-water bath.
When growth-phase conditioning was over, 5 ml of inoculated basal medium were pipetted into each tube, and the tubes were incubated in a water-bath shaker at 34 C for 5.5 hr.
During the 5.5-hr incubation period, the samples for the following assay day can be prepared and stored at the final dilution in vials with rubber stoppers in the liquid nitrogen freezer. The samples can then be thawed along with the standard calcium pantothenate solutions on the next assay day.
At the end of the incubation period, 0. approximately five times the range of Lactobacillus arabinosus. S. carlsbergensis displayed a good dose-response standard curve with 6 hr of incubation (Fig. 1) . It was also found that, when coupled with 1.5 hr of growth-phase conditioning, the incubation period can be cut to 5.5 hr without changing the slope of the standard curve (Fig. 2) . Because of the tight operation schedule, this reduction in incubation time could be a crucial factor in the acceptance of the rapid assay procedure for routine use.
Multivitamin product assays. Several Upjohn vitamin products were assayed by the standard procedure and the rapid assay procedure (Table  2 ). There were no statistically significant differences in values obtained by the two methods. /3-Alanine interference. It is possible that the stability test products might create problems, since 3-alanine is a degradation product of pantothenic acid and is known to interfere with the bioassay (10) . However, the data in Table 3 show that the addition of asparagine to the basal medium increased the #3-alanine interference threshold from 5 ,umoles to 50 ,umoles. This provides ample margin for safety, since it was calculated that the highest probable level of ,B-alanine in the final test solution is of the order of 1 ,mole. This is consistent with the finding that there was no significant difference between stability product assay values by the two methods ( Table 4) .
Effect of Mylase-P digestion. A number of products requiring Mylase-P enzymatic digestion were studied to investigate the possibility that differences might exist between the responses of S. carisbergensis and L. arabinosus to various hydrolyzed products of coenzyme A (3). The results (Table 5) show that there were no significant differences between the assay values obtained by the two methods on products treated with Mylase-P digestion.
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